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Georg1a Institute of Technology
Georgia Tech Research Institute

BIOGRAPWCAL SKETCH

BARNHART. ERIC N.-Division Chief
Communications and Networking Division
Infonnation Technology and Telecommunications Laboratory

-

Education
M.S.E.E.. Georgia Institute of Technology
B.E.E.• Auburn University

Emglqymem History
Georgia Institute of Technology

CUef, Communications and Networking Division
Director, Communications Laboratory
Associate Chief. Communications Systems Div.
Head of Communications Countermeasures Branch
Senior Research Engineer
Research Engineer II
Research Engineer I

Martin Marietta Aerospace, Orlando Division
Engineering Aide

1985
1982

1993-Present
1991-1993
1919-1990
1911-1989

1990-Preseut
1916-1990
1913-1986

1979-1981

Experience Summ'C': Has administrative, tedmica1 and budget responsibility for the
Conununications and Networking Division. Presently oversees sponsored propams in
commercial telecommunications and military C31 systems and COUBterlDaSUJ'eS.
Responsible for the development and tnID&ICIDeDt of GTRI systems and tedmology
programs related to these research areas. Is a member of the staff of the Georgia Center
for Advanced Telecommunications Tec:bDoloaY (GCA1T). Currently is involved in the
investigation of indoor propaption and the development of Personal Communications
Network (PCN) 5emce5 and equipment Is abo currently involved in development of
interactive cable system trial for distance IeIrDiIJI. Recently involved in the development
of adaptive, spread-spectrum communieatioas systemS aDd tedmiques. Also inw:stipted
oosite interference mitigation teclmiques. Has conducted vulnerability analysis and
testing of multichannel secure communications systems for tactical and stratepc
applications. Has experience in the performance analysis and operational testing of
intercept systems. and foreign equipmeDt exploitation and analysis. Has ~rience in
the analysis and computer modeling of coded, spread-speetrum digital communications
systems to investigate system vulnerability with respect to interception and disruption by
jamming. Has experience with propaption analysis/modeling from HF through
millimeter-wave frequencies, threat evaluation and wideband signal processing. Has
hardware design experience with discrete digiusl systems, and hardware/software
development experience with microprocessor based systems. Also has worked on systems
integration. calibration. and testing of millimeter-wave radar seekerIguidance systems and
temperature control systems. Active as a consultant to government and industry.



BARNHART, ERIC N.

Currem Fields of Interest

-2- Biographical Sketch

Wireless/personal communications; broadband interactive systems; telecommuni
cations/ economic development; networks for enterprise integration, distanee learDinl and
telemedicine; multimedia and client-server systems and architectures; military communi
cations; communications privacyjsecurity; telecommunication systems and netwOrks; data
communications; lightwave communications; intercept/surveillance systems aDd
techniques; countermeasures systems and techniques: communicationsystemvulnerability;
modeling; simulation; signal processing.

Reptratigns and Special Hgnors

Registered Professional Engineer, Gecqia
General Chairman, 1993 National Telesystems Conference
Wireless Technology Consultant. SUD Features/LA. Tunes Syndicate
National Science Foundation Small BUIiDctI Innovative Research (S81R) Proposal
Review Board in Communications and Networking
Scientific Advisory Board • International Tele-Marine Corporation
TelecommUDications Technology CoDIultaDt to Caribbean Association of National

Telecommunications OrpDiza1ioDs (CANTO)
Member: IEEE, IEEE Communieaticml Society, Communications Systems EnIi"MrirJI
Committee, Radio CommunicatiODS Committee, Vehicular TedmolOl)' Society,
Aerospace and Electronic Systems Society; Society of Photo.()ptical Insuumentation
Engineers; Association of Old Crows; AnDed Forces Communications Electronics
Association; Tau Beta Pi, Eta Kappa Nu; IVHS America

Major Repoos and PublieatioD$

1. "An Analysis of Millimeter-Wave Wireless Local Area Networks for LPIIAJ CoIIIJIIIDd
Post Communications," Proceedinp of the 1993 Military Communications Conference,
Boston, Massachusetts, October 1993, coauthor

2. "Distance Learning Via a CaribbeanT~renceNetwork," Record of the CANTO
1993 Conference and Trade Exhibition, Oranjestad, Dutch Canbbean, June 1993

3. "A Proposed Vocational Education Network: Training. Economic and Tedmical
ImplicatiOns," Proceedings of the 15th Pacific Telecommunications Conference,
Honolulu, Hawaii, January 1993

4. "Trends in Multipath Delay Spread from Frequency Domain Measurements of the
Wireless Indoor Communications Channel." Proceedings of the Third International
Symposium on Personal. Indoor and Mobile Radio Communications, Boston, Massachu
setts. October 1992, coauthor

5. "Mathematical Expressions and Algorithms for Cell Evaluation Tool," Final Repon,
Project A-9065·200, September 1992, coauthor

6. "Interim Technical ReponNumber 1: Experimental Licenses KK2XBAand KK2XBB,"
Interim Report, Federal Communications Commission, August 1992, coauthor
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-,

7. KGeorgia: Well-Positioned for the Telecommunications Revoiutio~" CornputerCurrCDXS
Maevine, Vol. 4, No.8, August 1992

8. "Prototype Implementation of an EHF Switched-Beam Array Controller," Final Repon,
Project A-8200. August 1992, coauthor

9. "Propagation Characterization in Suppon of BellSouth Persoual Comm1mieatioDS
Services Development," Final Repon, Project A-9041, April 1992, coauthor

10. "Propagation Measurements in Suppon of Hitachi Wireless CommunicatioDS Model
Development," Final Repon, Project A-906S-100, March 1992, coauthor

11. Fun Speed Ahead for Wireless Access Systems," Guest Expen Section, Cpmputcr
Qm;eng MW'ine. Vol.3, No.10, October 1991

12. "Statistical Data from Frequency Domain Measurements of the Indoor POl
Communication Channel," Proceedings of the IEEE International Symposium on
Penonal, Indoor and Mobile Radio Communications, London, England, United
Kingdom, September 1991, coauthor

13. "Test Plan for Hitachi In-Building Communications Channel Charaderization," Interim
Repon, Project B-699, August 1991, coauthor

14. "GUARDRAIL/Common Sensor UPIJ'&de and Environment Analysis," Final Repon,
Project A-8418, JUDe 1991, coauthor

15. "Electronic Warfare Vulnerability ~I 'ment Process DemoDltl'ation Delip,n
Proceedings of the Georgia Tech ECCM Workshop, Atlanta, Gecqia, April 1991,
coauthor

16. "Characterization of Propagation in Support of Personal Communications Semces
Development," Final Report, Project A-87S6, April 1991, coauthor

17. "Advances in Wireless Communications Systems and Technology," Conference Record
of SOumCON/'91, Atlanta, Gecqia, March 1991

18. "Ow'acterization of Indoor Prop&ptiOD (or Personal Communications Services,·
Conference Record of SOumCONI'91, Atlanta, Georgia, March 1991, coauthor

19. Equipment Design and Measurement Plan for Propagation Characterization in Suppon
of Personal Communications Services Development," Interim Repon, Project A-87S6,
November 1990, coauthor

20. "EHF Switched-Beam Array Design" Interim Report, Project A-8200, November 1990,
coauthor

21. "Independent Assessment of Radio Propaption Losses in the Raytheon Cl Model and
the CECOM MSE and rnDS System Performance Models," Final Report, Project A
8653, August 1990, coauthor

22. "Millimeter Waves for Communications," International Conference on Millimeter-Wave
and Far-Infrared Technology, Beijing, China, June 1990

23. "Millimeter-Wave Antennas and Receivers," Fmal Report, Project A-407()..4()(), May
1990, coauthor

24. "EURODEMO Data Analysis," Final Repen, Project A-8373, March 1990
25. "Millimeter Wave Direction Finding Using Switched-Beam Array Technology," 14th

International Conference on Infrared and Millimeter Waves, Wurzburg. West
Germany, October 1989

26. "Application of Acr Devices To Cosite Interference Reduction", Final Report, ECSL
Internal Research. September 1989, coauthor
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27. "Switched-Beam Array Antenna. "Interim Repon, Project A-4070-400, June 1989,
coauthor

28. "Analysis of REGENCY NET Access by a Follower Jammer." Final Repon, Project A-
8191, May 1989, coauthor

29. "REGENCY NET Jamming Vulnerability Issues and Eleeuomagnetic Compatibility
Tests." Interim Repon, Project A-8191. March 1989, coauthor

30. "REGSIM Evaluation Results." Interim Report, Project A-8191, January 1989, coauthor
31. "Cosite Interference Reduction," Final Report, Project A-8063, January 1989, coauthor
32. "Specialized Engineering for Special Operations Forces," Final Report, Project A-496S,

November 1988. coauthor
33.. "Adaptive Signal Masking Techniqu~" 1988 Military Communications Conference, San

Diego, CA, October 1988, coauthor
34. "Susceptibility Testing of an HF, Multichannel, Secure Communications System," FiDat

Report, Project A-4S26, April 1988, coauthor
35. HmoS Siting Analysis," Final Briefing, Project A-4918-200, April 1988, coauthor
36. "Avionics Configuration Analysis Prop-am (ACAP)-Funetional Description,It Interim

Report. Project A...965-700, April 1988, coauthor
37. "Adaptive Signal Masking Techniques," Interim Report, Project A-4626, February 1988,

coauthor
38. "Air-to-Air Applications for Millimeter-Wave Communieatio~" 12th ADNJII

International Conference on Infrared and Millimeter Waves, Orlando, f1orida,
December 1987 .

39. "MnUmeter-Wave Communications: Air-to-Air App1ications,1l 1987 SPIE Technical
Symposium Southeast, Orlando, Florida, May 1987

40. "VAU.TOSE Pr0ll'am," F'mal Report, Project A-4427, January 1987
41. "Direction Finding Capabilities," Fmal Report, Project A-4216, June 1986, coauthor
42. "Adaptive Thresholding: A Detection Teclmique for Wideband large-Sector Intercept

Systems," 1986 Tactical Communications Conference. Ft. Wayne, Indiana, April 1986
43. "GRANITE ICE Communications Equipment Exploitation and Analysis," Final Repon,

Project A-4227, March 1986, coauthor
44. "VAU.TOSE Task 1: Detection Tec:hniques," Final Report, Project A-4029,

NoveDlber 1985, coauthor
45. "An Examination of the LPI Characteristics of EHF Air-ta-Air Communications

Systems," 1985 Military Communications Conference, Boston, Massachusetts, October
1985, coauthor

46. "Evaluation of the AJ/LPI Performance of an EHF Air-to-Air Communications
System," Final Repen, Project A-4041, May 1985, coauthor

47. "Threat Evaluation for J1lDS Radios Used for PATRIOT Communications," FinaJ
Report, Project A-3936, January 1985, coauthor

48. "ABIT Data Unk Threat Assessment," F'mal Repon, Project A-30S4-420, January 1985,
coauthor

49. "Performance of EHF Communications Systems in the Presence of Jamming," 1984
Military Communications Conference, Los Angeles. California, October 1984, coauthor

Revised November 1993
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P.O. Box 259
Sudbury, MA 01776

Roger L. Freeman

Tel: 508-443-6949

." ,

- fiber optics
troposcatter

- VHF/UHF mobile

OIelIC'l'IYE: Technically challenging short and medium-term positions
as an independent telecommunication consultant.

ExpliBIQCI SJDIQBX

Over 25 years experience in complex telecommunication system design
and operation. Engineered and managed:

• digital telephone networks - data/integrated networks
• digital switching and transmission - routing and signaling
• telecommunications planning - outside/ inside plant
• transmission techniques include:

- LOS microwave - satellite systems
- wire-pair coaxial cable
- HF - meteor burst

International experience:
• Europe and Hispanic America
• International agencies such as CCITT/CCIR/ITU
• InterAmerican Development Bank - PTTs

Secret clearance, previously top secret.

SPIClfrc MCZmtqmm

1/92 to Present: Independent consultant in telecommunications.
Various clients. Specializing in telecommunication systems
(transmission and switching) and data networks; survivability issues;
new business development.

7/78 to 12/91: Raytheon Company, Communication Systems
Directorate, Marlborough, MA.

Principal Engineer, Advanced System Planning. Responsible for new
business development for advanced military communication systems.

• Adapted advanced commercial telecommunication practice to the
military environment.

• Prepared corporate position papers on technical issues such
as:

- commercial satellite communications for military
application

- BISDN/ATM in the tactical environment
- OC-1 and OC-3 over millimeter wave radio
- MBC system experiments for the U. S. Army

Advised other Raytheon divisions/directorates on commercial
telecommunication practice such as Nexrad and Ramp.

4/70 to 7/78: ITT Laboratories, Spain (Madrid)
Staff consultant, telecommunication planning. Advised on transmission
and signaling planning.

• Prepared/pUblished ITT I s "Telecommunication Planning Guides. "



• Managed planning projects in Hispanic America and Europe.
• Managed ITT Marine (technical) for three years - saw 50%

increase in GOR

PIIOI IxplBIgCE

Page Communications Engineers, Washington, D.C. Staff engineer for
Hispanic American programs.

International Telecommunication Union (Geneva) Regional Planning
Expert for northern South America based in Quito, Ecuador.

ITT Communication Systems - member of technical staff, military
communication system design.

CDPCATION: Bachelors and Masters degrees, New York University.

OTBJjR MClGBOQIP III'OBDTIQN
Memberships:

• Senior member, IEEE and candidate for fellow.

Special activities:
• Guest editor, IEEE Communications magazine, special issue on

Desert Storm communications (Jan. '92).
• Session organizer/chairman, MILCOM '89 and '90.

Languages:
• Fluent in Spanish, particularly technical Spanish.

Publications:
• Authored and published over 15 articles in international

technical journals dealing with various disciplines of
telecommunications.

• Authored and published four related textbooks:
"Reference Manual for Telecommunication Engineering, "
Wiley NY 1985
"Radio System Design for Telecommunications," Wiley NY
1987
"Telecommunication System Engineering," 2nd edition,
Wiley NY 1989
"Telecommunication Transmission Handbook," 3rd
edition, Wiley NY 1991.

Prepared seminars and taught:
• "Telecommunication Transmission Systems," taught in

Spanish, Quito Polytechnic University 1967-1969.
• "Radio System Design," "Telecommunication System

Engineering" and "Telecommunication Transmission
Techniques" at the University of Wisconsin - Madison.

Teacher-of-the-year, Northeastern University, 1987.
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BERNARD B. BOSSARD

EDVeAnON: Vil'Jini& Military Institute, 8SEE

EMPLOYMENT BACKGROUND:

1990-PrIIent

Partner, CcllularVili~ Inc.

1917-1990

President, vrnc
Delipecl packet twitch and microwave communications network under two contrletl
totaliftl 0YfIt 54,000,000.

Senior Vice Prllid_ and Group PubIiIIw, Horimn~ Inc.
'R.tIponIible tbr the publication ofMIcro..... Journal The JOUI'ftIi ofBleotronic
DttenIe. and Telecommunic&tionl mapziMI. The. publicatioftl had • c:iraJlation of
200,000 plUl).

19'13-191'

Manapr. MlA-COM (KMC Civilian)
Focus Oft -.,,,_in I'IIIII'Ch, d"""" and application ofnR products.
Upon I_vms MlA.cOM , nonooeompttitive ....-nent prwented employment in
microwave indulby for a period of time.

1970-19'3

Gencn1 MM'.,r, IQdC Semiconductor Corp.
KMe wu the ftnt COftlPIIIY to 11IIIIJ~ tnIIIiItor (abcwe 1GHz). In addition to
transiaton, KMC praducecl tunnel diodel, bIok dlod., vanu:tors., lolid state ampIiften
and smalllUlHyIctml. The company wu purchued in 19'73 by MIA..COM (Microwave
AJIociata) and i. now pan oftheir IImicoltductor ol*&tion.
Developed hip dynamic ran.. interference reduction circuits and tarpt identification
technique. for U.S. government.
Cooodeveloped klY Patriot Miuil. int.-terelsce reduction device.
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Sera.ret Bonard

EMPLO~NT BACKGROUND eontinaed:

1961-1970

President. National Electronic Laboratoria
Founder ofelectronic coftllJany en.... in ....,. 1111 deveiopment otsolid state devices
The company merpcl with KMC Semi-eonduetor Corporation in 1970..

Conaultant for Bnateman Microwave and ICMC Semiconductor Corp.

1'59-1".

Group ~..... IlCA Communications
Responsible fbr a arou1' ofen,", • I,d in ....,. and dmllOJ)- COfttl'lCtl

in microwne WdII....tionI. variouIlOIld ...cleYiceI, syIteID aaU_b.. Ii.... in
noise, ~. super conduetorl andint~ reduction devices.

1'51-195'

£naineer. United Stlell Army Re,....~
Developed low noiII PIfIIIIItrlc unpIltlen, ....jllllmina techniques, millimeccr waft
radar and tarpt idendfleation radar.

TECHNICAL BACKGROUND:

1. Teahnical LI.i.. ofR.,.uch and o.v.iopll18lt:
a) Intel"" Nduction technolOlY
b) And-J....ooDOlptl
c) Super CODIluctorI
d) P...... IIIIpUfi..
e) HlP1MCOIMI101'I
f) Hlp "Q- Bit..
g) LiftW 1'eDIft1••
h) Major communications system desiBu
i) SoUd ... dIYtca
j) Solid ttate ftIIltiplien and oscillators
k) sub IYstllM for sovemmtntallpplicationl
1) Laar modulation television

2. Low noi.. amplifier advisor to DynlOar, Relay Satellite. and Lunar Bxc:union Radar
Module
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Pale 3
Bemard Boaard

TECHNICAL BACKGROUND coatinued:

3. Consultant to U.S. Government on lladar TlI'ptldefttification Techaiqua

4. Developed. the firIt 1'Ublilhecl parametric ampIih'I with voltIp pin baDdwklth
produeta u '..... u 1300 It S·band Ind tunabl. puametric amplifiers with nei.
flpres of 1.0 dB

~. Developed first published high level parametric upconvwter theory and device

6. Co-developed filter COncepti which result in unloaded "Q" at 100,000 at room tempi

7.C~ int.c... reduction techniqu. which improve reeeMr
iranllodulation distortion performlDce by 50 dB.

8. DeveIo1*lli~~ tuDinI. broadbMd hip power and hiP efticiency varactor
multipl'" for u. throuahout the miarovme nlIion

9. Dewloped 130 dB dynamic fans' (·3 dB compretlion and 1 MHz budwklth)
frequency COIMIl'tm

10. Developeclsuperc:onducUnl "X" band illter and amplHl....

11. Daiped cellularTelevision syttem for commercial UI8

12. Co-deveiopeci critical Patriot Millile module (thoulaftds ulld per 1'ICIivw)

13. Expert witneII on radar in court for the.1ta ofNew JetICY and MwlchuMttl

14. Co....... nCo97

15. Propn I..... for num.uulllCA intamal rltearCh and deveJopment projects and
JOWIR""~ contrlctl
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Bent.rei BOI.Ard

AWARDS:

Nominated by RCA for Outatanding Yauna Bnsinew in America given by Eta Kappa Nu.
National Enam-m. Honorary Society, 1966

U.S. Government Sustained Superior Performance Award, 19~9

Team Bnam-ma Award, R.CA

Zero Defects Award. RCA

OTIIEIl:

Chairman, Monolithic Circuits Sesliona, MTT'I Symposium. 1988
,

Lecturer. Satellite Communicationl, North..-.m University, 1986

Guest Lecturer on supercondueton, Nationll Science Foundation, Univenity
ofColorado. 1965

Oueat Lec&urw on lIai1e and int6iiiOCluiation diItortion, Univftty of'enaayIYaIU,
1964-65

Guest Loctunr on low noiIe tedmique It Stllllont Unlvftty, Gecqia InItitute of
TecImololY lUId Pratt Institute ofTechnology

Who's Who in the But

Member, Board ofDlrecton of several communicationa and microwave compIDieI

Guat Lec:turer, Communications Systems

PATENTS ISSUED:

Superrepnerative Reactance Amplified Number 3,045,115 United Stat.

Variable Frequency Oscillator Number 3,102,978 United States

Low Power Multi-Function Cellular Television System Number 4,741,160 United Stat.
and foreign

..
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Btrllard DonIIrd

PUBUCAnONS AND PRUENTAnONS:

1. BOllII'd, B. "SU....I...lll'ative Reactance Amptifier", Proc. IRE
Volume 47, PP 1269-1271 luly 1959

2.B~ Pr'OIt, FIShbein, IIX-Brand SUperreellleI'ative parampn, ProJRE, July 1960

3. pettli, BoMII'd. WeiIbIum, "SI._ Dlod, Panmetric Upccmvertor with Larp ad in
Blftdwiclth Product", Proo. IRE, Volume 48, Iuly 1960

4. Boawei, Pett" "Bmad Parametric Amptiften by Simple BxPeriJftental TechniquelP,
Proc. mE, Volume 50, March 1961

5. Pert.... B.,..-d, :Etlc:lent Hiah 1AYeI Panmetric Frequency COIMI'tOrIII
, Proc.

IBBB, Volume 5I, February 1963

6. B.,..-d, Pettai., IlBroadband Parametrio AmpHften", PGMTT Sympotium, Bolder,
Colorado, 1962

7. BOIDI'd, Pettai. "Parametrio AmpHftcnll
, AlEE ColMlltion (Invitld Paper) 1962

8. BOUIRi, Kunrok, ·1lCommenta on Broadblad PII'IIMtIio AmpUtl..", Proo. IRE,
VolumI SO, October 1962

9.Bo~ "Low Nol..Microwave AmpUfIall
, R.CA Engineer, 1963

10. Boaard. Perlma, "Tunable Solid State Microwave Power Source", SWITEGO,
1963

U. Perl... ao.nl, "Et1IcientHip LewI Panmetrio FrequencyCO~II, Part m
IEI!E NationII CoftYeJ1tion 1Ucord, 1963

t2. BOIM. MthInIIn, Newton, "0.. Witt Tunlble Solid State Power SouroI for tbe
4.4 to 5.0 GHzComrmmieations Band", Eat Cout Naviptional EllGtlonica
Conference, 1963

13. Pan. Bollii'd. Burns. Chana, "SyRemt COncepti ofMicrowave Communication.",
NBRBM (Invited Paper) 1964
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Pale'
Bernard Bo...rd

PUBLICATIONS AND PRESENTAnONS coatlnaed:

14. BOllII'd. Torrioftl, Yulft. "Theory and ItnproWillent oflntermodulaticm DiItortton
in Mixen". Tri Service Electr'Oft1llnedc CompatibilityC~ 1964

IS. Pan, Bo.-rd, YUill. Becker, ronione, "J.IOIiftl' Diltortic:ms ancllleductionalf
,

UnlvenityofP~ Summer L....s--. 1965

16. Pan, Bo.-d, Yuan, Becker, Torrione, "Syttema Conceptt ofRadioInt~",
UnMnity ofPennsyivania.S~ Ledun Striet, 1964

17. Ba.ni. "COlllftlllticlda AppItcatioaI ofCryo"" T NadDnII Sci••
Poundadon. Unh.1ky ofColorado. S.....1Acture S IM5

18. Perlow, B.-d. "Hip "Q" Filla' U" Feed Forward Techniqu.lI, SWD!I!CO,
. Dalla, TIXII, 1966 .

19. Perlow, Bo.-rd, "Btfective lleceiver Dynamic Raap BnhIDaImertt", Prequency
1966

20. Perlow, Torriem., Bolai'd, "BaDocm CommunieationSysttm",RCA~, 19$5

21. Bouard, ItEaotiYe lleceiver DynIImic Ranp EnhInaImat", Frequenoy,.I966

n BoIRR1, "St.... Frequency RadarCO~·t Pratt (Invited Lecture SIrieI) 1965

23. GuIlt ofHonof, Pratt UniwrIity ETA Kappa Nu and TIU Beta Pi, Graduation 1965

24. B-.rd, MMbrd, Lmne, "Co-ChaMllnt.-maclulaticm and era. Modulation
Reduction Circuit", Proc. IEEE, December 1967

2'. BOIlard, Communication Syst..... Northeutem Univenity, Lecture Serial, 1916

26. Bollii'd, "Microwave Solid State Deviceall
, BOlton Chapter, PGMTI', Invited

Speaker, April. 1970

27. Perlow, Bossard, II Micro~veTransiltor Specifications", Microwaves, luly, 1970

6.
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B rd BOIlard

PUBLICATOINS AND PRDENTATIONS coadla.eeI:

28.B~ "EnMl'lina Technoloai_" Tela-Stratqiea, Ouest Speaker, Wuhiftatcm, DC
Deoemberl991

29. BOllII'd, a_am. Technolosy, SCTE, New OrlllJll, LA. 0uCIt Speaker, Jan. 7. 1993

30. SaRII'd, M....Col"'" Guilt Speakw, March 29. 1993

31. lOllII'd, ViIJiniI MilltalY Institute, Guest Speaker, April 16, 1993

32. Bo-.rd., Optical fiber Con&reuce, Phoenix,~ Quell Speaker, MIrcb II, t993

33. B..... SItIUlte ancl TIITIItriaIC~OI1I, SoaletyofSUeIIIte Pror-ionali,
N.,Vork,NY, ~S....,March31,l993

34. Bo-.rd., Wintle. CoudDunicationl, Qu_ Speaker, Wuhift.... DC April t,1993

35•....., Pordham Univmity Media Club, QUOIt Speaker. April. 1993

36.B~ Mill..Wive COmmUDieatione, canadian Telmsoa Aaoc.. Toronto. CanIda
May l:z. 1993

37.1 Conference Oft VehicalIr Teoimoloty. 0ueIt Speaker, May 18, 1993

311; Cable Televillion Lab. Briobnriclp, Colando, a..S.....
luly 27, 1993 .

31U B.... Wi...... Local Loop Comex Conference, London, EnaIaDd, Qu. Speaker,
O_b.. 1993


